An assessment of the radiological contamination of Europe, following radioactive pollutant releases and using prognostic meteorological data is presented. A modi fied and simplified version of SHEAR code, a Lagrangian long-range transport and dispersion model, taking into account the wind shear effect, is used. This is possible by applying the diurnal differences in vertical mixing to the winds in the vertical layer used to calculate advection. In its present version the code takes account of dry deposition processes and different mixing heights for day and night conditions. Prognostic temperature and u, ν wind parameters every 6 hours for a total of 72, are provided by the National Meteorological Service of Greece in two levels 0 and 850 mb of pressure. The wind field is then calculated in both heights. This field forms an input to the SHEAR code. Plume direction and radioactive pollutant con centration have been calculated for hypothetical releases postulated during a recent ΝΕΑ/OECD exercise. The results of this study indicated that the code predicted well direction and concentration of the plume, in agreement with the predictions by other programs. Since the code in this version uses surface winds, at most, which are much weaker than the higher altitude winds used by other codes, the results of the plume spread are smaller in the present study. We believe that taking into ac count the surface winds during an eventual accident produces more realistic results. If predictions in more heights are available mixing heights would be calculated with greater accuracy, with consequent improvement of the results.
Introduction
In recent years four nuclear emergency international exercises, sponsored by the Nuclear Energy Agency ΝΕΑ/OECD have been developed. To affront nuclear emer gency situations and calculate concentrations, doses and other important parame ters two codes are used in Greece: the European PC COSYMA [1, 2] and the US code MACCS [3.4] . Both codes require meteorological parameters reported to the trajectory path points. Our country participated in the exercises by using these two codes. The present work deals with the application under the same conditions of an additional code: SHEAR. The aim of this work was to develop a system to be used in emergency conditions, which does not need explicit trajectory data. This system would accept National Meteorological Service (NMS) row prognostic data and pro duce trajectories and concentrations. The radioactive isotopes of most importance for their radiological significance are iodine and cesium in the short and long term, respectively. The most recent European exercise has been selected for our applica tion. The hosting country was Hungary. The exercise was held on 3-11-1998 2 Description of the program and data used
The code used is a modified version of Shear computer code [6] . This is a Langrangian puff trajectory model which calculates trajectories and concentrations, even in long distances, of initially noble gases. The program has been tested against a lot of campaigns of gaseous releases [7, 8] . With the introduction of the deposi tion rates of the various gases the model evaluates the transport of any radioactive gaseous release [9.10] . The code is considering variable mixing height, which is usu ally calculated using Heffter criteria [11, 12] during the day. During the night a mixing height of 300 m is considered. In the present version we don't dispose mea surements in various heights but in two heights only. So we are not able to calculate mixing height. We consider a nighttime mixing height equal to about 300 m and a daytime one equal to 1600m (in that way the upper layer wind data, at about 1500 m, of NMS can be taken into account). The wind shear effect on dispersion is obtained by splitting the daytime mixing layer in sublayers of 300 m each, at the beginning of each night. The choice of this height is mainly due to the fact that using this type of separation, the wind shear effect is well described [13.14,15] . In case a puff is released at night it remains in the lower 300 m of the atmosphere. In case it is released during the day it fills immediately the mixed layer below the temperature inversion [16] . After having so divided the vertical extent of the puff, in sublayers, each layer is considered as a separate puff with its own velocity, which could be very different in speed and direction from the rest of the layers. It is then tracked by means of a separate trajectory. During the daytime vertical mixing resumes and these elevated layers mix to the surface to affect air concentrations. Calculations are terminated when are not significant anymore.
NMS information given to us concerns temperature, rain, u and ν wind speed com ponents. From the last two, wind speed and direction is calculated. The data are given at 0 and 850 mbar of pressure in a grid of 11/2 degrees with boundaries 0° lower latitude, 82.5° upper latitude, -90° lower longitude, 90° upper longitude. They are prognostic data of hour 00 UTC of the night before the accident, and they are reported every 6 hours for 72 hours in total. So, the plume path can be calculated for three days at maximum. For this exercise we had at disposition data of the day before the exercise (02-11-98, 00 UTC), a fact that limited our wind fields a 2 days.
Trajectories are calculated at 3 hours intervals in a grid of 25 degrees latitude by 60 degrees longitude, covering thus the most of Europe. The observations closest to the trajectories are used to calculate the advection steps. The horizontal spread of the plume is due to the wind shear during the night and to the turbulent diffusion during the whole day. A «r=0.5 Τ (Τ in seconds is the time from the release) is considered [17] for daytime conditions. The concentration does not follow the gaussian curve. It is considered homogeneous in a disk of diameter 4 σ, and the air concentration in the correspondent volume is found by dividing the total mass of the puff by the area of the disk multiplied by the mixing height considered. The dry deposition depletion of the plume, by dispersion step, is considered. The dry deposition velocity for Cs-137 has been taken equal to LO 10 -3 m/s and for 1-131 equal to 1.0 10~2 m/s [18] .
Results
In case of suspected radioactive plume arrival the first actions are to evaluate its direction, the time of its arrival, the permanence in the territory of interest and the concentration of the radioactive plume in the surface layer.
For reasons of comparison with other code results we present diagrams for iodine release only. Fig. 1 presents the position of the puff and reports the maximum value of concentration 15 hours after the release at PAKS reactor. With the letter S is reported the source. Fig. 2 presents the position and the maximum of the same plume 40 hours after the release.
During the exercises, the International Atomic Energy Agency uses to distribute French (from Toulouse) and English (from Bracknell) laboratories diagrams of plume direction with estimations of time integrated concentration. Figs. 3 and 4 present the time integrated concentrations 15 and 40 hours after the hypothetical release, produced by Toulouse center, using Arpège model.
Comparing the results of the present study with French results, for the first 15 hours, we observe that the direction and the maximum concentration regions of the plume are similar. Generally the trajectories indicated a potential affect to the Northeast including north-east of Hungary, south-east of Slovakia, south Poland, north of Romania, Ukraine. Concerning the concentration during the first day both models predict a potentially affected area over the above mentioned countries. Both models describe an evolution of the plume towards the North East during the following days. Generally French results predict a greater extension towards east, than the results of this study. This could be explained by the fact that Arpège model uses upper air data [19] (radiosonde measurements for 24 levels) where the winds are stronger. In Figs. 3 and 4 the position of the maximum is signed with an asterisk. The above prognostic results could be compared with the results of another model called HYSPLIT4 [20] . We have run HYSPLIT4 after the exercise time with real data for the days following the hypothetical release. Fig. 5 presents a 36 hours trajectory calculated by HYSPLIT4, for unitary release on 3/11/98, 7.00 UTC. Fig. 6 presents the same trajectory for a total of 120 hours. A variety of meteo-rological data have been used to calculate this trajectory, surface and rawinsonde measurements every 6 hours included. These data comprise parameters as wind, temperature, pressure and humidity values for at least five levels up to 850 mb level and 7 more for elevated layers. It is observed that our results, regarding the extension of the plume towards east, agree much more with the HYSPLIT4 results than with French results. This is probably due to the fact that during the considered period, the boundary layer winds were light and not very different in speed and direction from the prognostic ones used in Shear model (which were light winds for both heights considered).
Conclusions
In conclusion Shear code in this restricted version could be an additional useful tool to predict trajectories and concentrations, in emergency conditions when trajectory data are not known by simply using usual prognostic wind data provided by NMS of Greece when the release is known. 
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